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ABSTRACT: Bacterial infections causing acute exacerbations of chronic obstructive pulmonary 
disease (AECOPD) frequently require antibacterial treatment. More evidence is needed to guide 
antibiotic choice. 

The Moxifloxacin in Acute Exacerbations of Chronic Bronchitis TriaL (MAESTRAL) was a 
multiregional, randomised, double-blind non-inferiority outpatient study. Patients were aged 
; >60yrs, with an Anthonisen type I exacerbation, a forced expiratory volume in 1 s 60% 
predicted and two or more exacerbations in the last year. Following stratification by steroid use 
patients received moxifloxacin 400 mg p.o. q.d. (5 days) or amoxicillin/clavulanic acid 875/125 mg 
p.o. b.i.d. (7 days). The primary end-point was clinical failure 8 weeks post-therapy in the per 
protocol population. 

Moxifloxacin was noninferior to amoxicillin/clavulanic acid at the primary end-point (111 (20.6%) 
out of 538, versus 114 (22.0%) out of 518, respectively; 95% CI -5.89-3.83%). In patients with 
confirmed bacterial AECOPD, moxifloxacin led to significantly lower clinical failure rates than 
amoxicillin/clavulanic acid (in the intent-to-treat with pathogens, 62 (19.0%) out of 327 versus 85 
(25.4%) out of 335, respectively; p=0.016). Confirmed bacterial eradication at end of therapy was 
associated with higher clinical cure rates at 8 weeks post-therapy overall (p=0.0014) and for 
moxifloxacin (p=0.003). Patients treated with oral corticosteroids had more severe disease and 
higher failure rates. 

The MAESTRAL study showed that moxifloxacin was as effective as amoxicillin/clavulanic acid 
in the treatment of outpatients with AECOPD. Both therapies were well tolerated. 

KEYWORDS: Acute exacerbations of chronic obstructive pulmonary disease, amoxicillin/ 
clavulanic acid, antibiotic, clinical trial design, exacerbation, moxifloxacin 



Acute exacerbations of chronic obstructive 
pulmonary disease (AECOPD), which are 
usually associated with chronic bronchi- 
tis, cause substantial morbidity, mortality and a 
marked reduction in quality of life [1-4], placing 
a significant burden on both patients and health- 
care systems [5-7]. Frequent exacerbations result 
in a more rapid reduction in lung function, with 
even single episodes having a prolonged negative 
effect on health status [8, 9]. One factor that may 
result in high relapse rates is persistent bacterial 
infection [10]. 

Few trials show clinical or bacteriological super- 
iority of one antibiotic over another in acute 



exacerbations of chronic bronchitis (AECB) or 
AECOPD, possibly due to issues of sample size, 
patient selection and end-point definition [11]. 
Many clinical studies have enrolled highly hetero- 
geneous patient populations in terms of age, 
comorbidities and, importantly, disease severity 
[12]. Current treatment guidelines recommend 
antibiotic therapy for patients with a more severe 
illness [13-15] and often use acute symptom 
changes based on Anthonisen criteria of type I 
(worsening dyspnoea with increased sputum 
volume and purulence) or II (change in any two 
of these symptoms) exacerbations to define this 
group. Patients with such exacerbations are most 
likely to benefit from antibiotics, suggesting a 
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bacterial aetiology [16]. Inclusion in trials of patients with type 
III exacerbations (change in any one symptom) and those with 
mild COPD may distort the true effect of antibiotics as such 
patients are likely to experience recovery without an antimicro- 
bial. Most clinical trials have focussed on short-term clinical 
efficacy with test of cure being a few days or weeks after the end 
of treatment. However, as the time course of recovery can be 
lengthy [17], and as some patients remain at risk of further 
exacerbations for several weeks after treatment [18, 19], 
monitoring patients over this prolonged period may provide a 
more accurate picture of the true efficacy of an antibiotic 
therapy. It is likely that a rapid relapse relates to incomplete 
resolution of the previous exacerbation rather than a second 
new exacerbation. 

Comparing a large group of patients with moderate-to-severe 
COPD treated with moxifloxacin or amoxicillin/clavulanic 
acid, the two treatments recommended in this group [14, 15], at 
a novel 8-week end-point, may help identify patients that 
could benefit from one or other antibiotic. The choice of an 8- 
week time-point captures relapses that are probably related to 
the management of the initial exacerbation, but is not so long 
that other events, such as antibiotic treatment of a nonrespira- 
tory condition, make the interpretation of results difficult. The 
primary objective of the MAESTRAL (Moxifloxacin in Acute 
Exacerabations of Chronic Bronchitis Trial) was to compare the 
efficacy of a 5-day course of moxifloxacin to that of a 7-day 
course of amoxicillin/clavulanic acid in the treatment of 
outpatients with chronic bronchitis experiencing AECOPD 
who are at high risk of treatment failure. MAESTRAL may 
provide information that supports current guidelines and 
recommendations in terms of which treatments are the most 
appropriate for specific patient groups, in particular those with 
confirmed bacterial infections, as well as further evidence 
regarding the most appropriate study design for trials of 
antibiotics in outpatients with AECB/ AECOPD. 

METHODS 

Full details of the complete study design have been published 
previously [20]. 

Study design and treatments 

MAESTRAL was a prospective, multinational, multicentre, 
randomised, double-blind, double-dummy controlled, non- 
inferiority study that compared the efficacy of 5 days of moxi- 
floxacin 400 mg p.o. q.d. with 7 days of amoxicillin/clavulanic 
acid 875/125 mg p.o. b.i.d. as a first therapy in outpatients 
experiencing an AECOPD. The dose of amoxicillin/clavulanic 
acid was selected based on the most commonly used dose, 
recommendations in treatment guidelines and data showing 
the equal efficacy but improved tolerability profile of the 875/ 
125 mg b.i.d. dose versus the 500/125 mg t.i.d. dose [21]. Prior 
to randomisation, patients were stratified based on the con- 
comitant administration of a short course of oral steroids, 
prescribed at the treating physician's discretion (see online 
supplementary material for full details). Compliance was 
assessed via collection of empty and /or unused packets of 
the study drug at the end of therapy (EOT) or the premature 
discontinuation visit. All patients provided written informed 
consent and the study was carried out according to relevant 
ethical and Good Clinical Practice Guidelines [22]. 



Patients 

Full inclusion and exclusion criteria are given in the online 
supplementary material. In brief, outpatients with moderate-to- 
severe COPD [14] and chronic bronchitis suffering from an 
investigator-evaluated Anthonisen type I exacerbation and who 
were considered by the investigator to require antibiotic therapy 
were enrolled. Patients were ^60 yrs of age with a documented 
history of two or more exacerbations within the previous year 
requiring a course of systemic antibiotics and /or systemic 
corticosteroids and were current or past cigarette smokers ( ^ 20- 
pack-yr smoking history). At enrolment, all patients had a post- 
bronchodilator forced expiratory volume in 1 s (FEVl) <60% 
predicted, with FEVi/forced vital capacity <70%. 

Microbiology 

Spontaneous sputum samples were obtained from all patients and 
assessed in a local laboratory by culturing and Gram staining. The 
first sputum sample was collected at the enrolment visit, with 
"first-morning" samples preferred for subsequent visits. Inves- 
tigators carried out macroscopic quality assessments of all 
samples and neutrophil levels were assessed semi-quantitatively. 
Pre-specified potentially pathogenic bacteria (Streptococcus pneu- 
moniae, Moraxella catarrhalis, Pseudomonas aeruginosa, Haemophilus 
spp., Enterobacteriaceae spp. and Staphylococcus aureus) were iden- 
tified. Full details of susceptibility testing [23] are given in the 
online supplementary material. 

End-points 

The primary efficacy end-point of MAESTRAL was clinical 
failure by the 8-week post-therapy visit. Clinical failure was 
defined as the requirement for additional or alternate treat- 
ment with systemic antibiotics and /or systemic corticosteroids 
(including increased dose or duration of treatment), and /or 
hospitalisation prior to the 8-week post-therapy visit for an 
exacerbation of respiratory symptoms. Prior to unblinding, an 
independent Data Review Committee, which consisted of R. 
Wilson, A. Anzueto, M. Miravitlles and S. Sethi, assessed the 
data for all patients who were clinical failures or had indeter- 
minate assessments in order to confirm the primary clinical 
outcome. Secondary end-points included clinical response in 
patients with positive sputum cultures and bacteriological 
outcomes. A full list is available in the online supplementary 
material. 

Statistical analyses 

The statistical analysis plan, including definitions of clinical 
and bacteriological responses, is reported by Wilson et al. [20] 
and is included in the online supplementary material. The 
primary aim of the study was to show noninferiority (defined as 
a difference in failure rates of < 6% using a one-sided test at a 
level of 2.5%) of moxifloxacin versus amoxicillin/ clavulanic acid 
in the per protocol (PP) population. Figure 1 shows definitions 
of populations. If noninferiority was statistically proven, the 
possibility that moxifloxacin is superior to amoxicillin/clavu- 
lanic acid was tested in the intent-to-treat (ITT) population, 
using a one-sided test at the 2.5% level. The primary ITT 
analysis was clinical failure versus all other evaluations (clini- 
cal cure, indeterminate and missing). Two sensitivity analyses 
in the ITT population are outlined in the online supplemen- 
tary material. Efficacy outcomes in bacteriologically positive 
patients were assessed in the PP and ITT with pathogens 
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COPD 



Moxifloxacin 



Excluded from ITT/safety n=9 
Not treated with study drug n=5 
Insufficient duration of therapy n=1 
Insufficient compliance with GCP n=3* 



ITT with 
pathogens 
n=327 



Enrolled 
n=1492 



Excluded from randomisation n=120 
Did not meet randomisation criteria n=120 



Excluded from PP n=139 
Violation of in/exclusion criteria n=57 
Randomisation error n=1 
Noncompliance with study drug n=34 
Violation of time schedule n=10 
Essential data missing/invalid n=78' 
Use of prohibited concomitant medicine n=15 
Use of prohibited pre-therapy medicine n=8 



Excluded from PP with pathogens n=278 
No causative organisms pre-therapy n=278 



Randomised 
n=686 



ITT/safety 
n=677 




PP with 
pathogens 
n=260 



Randomised 
n=686 



ITT/safety 
n=675 




PP with 
pathogens 
n=261 



Amoxicillin/ 
clavulanic acid 



Excluded from ITT/safety n=11 
Not treated with study drug n=5 
Insufficient duration of therapy n=1 
Insufficient compliance with GCP n=6* 



ITT with 
pathogens 
n=335 



Excluded from PP n=157 
Violation of in/exclusion criteria n=73 
Randomisation error n=1 
Noncompliance with study drug n=30 
Violation of time schedule n=4 
Essential data missing/invalid n=90' 
Use of prohibited concomitant medicine n=15 
Use of prohibited pre-therapy medicine n=5 



Excluded from PP with pathogens n=257 
No causative organisms pre-therapy n=257 



FIGURE 1. Definitions for the populations involved in the study. Patients could be excluded for more than one reason. Intent-to-treat (ITT)/safety population, these 
randomised patients received at least one dose of the study drug and had one observation after initiation of the study treatment. ITT with pathogens population: patients valid 
for ITT with a minimum of one pre-therapy potentially pathogenic bacterium. Per protocol (PP) population (primary anaylsis population), patients with an acute exacerbation at 
enrolment who received the study drug for a minimum of 48 h (cases of clinical failure) or received ^80% of the study medication (cases of clinical cure). All PP population 
had data for clinical evaluation at 8 weeks post-therapy (except for clinical failures prior to the 8-week post-therapy visit) and had no protocol violations. PP with pathogens 
population: these patients were drawn from the PP population and had a minimum of one potentially pathogenic bacterium cultured from the sputum they provided prior to 
start of therapy and where a bacteriological evaluation was available during the study. GCP: Good Clinical Practice; # : data taken from one site (n=9 patients in total) judged 
to be unreliable and excluded from analysis; 11 : the majority of patients with essential data missing or invalid were either lost to follow-up or consent was withdrawn (58 and 
56% for moxifloxacin and amoxicillin/clavulanic acid, respectively). 



populations. Other secondary clinical end-points were analysed 
using appropriate patient populations and time-points (see 
online supplementary material). There was no alpha level 
adjustment for the secondary efficacy variables or the subgroup 
comparisons that were carried out. All safety events were 
assessed by the investigator based on the clinical investigation 
and patient interview. All patients were required to record any 
symptoms indicative of an adverse event, which were then 
scrutinised by the investigator. All events were assessed by the 
investigator for relatedness to the study drugs. 

RESULTS 

Patients 

A total of 1,492 patients from 30 countries were enrolled in the 
study, of whom 1,372 were randomised and 1,056 were valid 
(PP) for the primary efficacy analysis (20 were excluded from 



the ITT population), (fig. 1). Reasons for exclusion from the PP 
population (moxifloxacin n=139, amoxicillin/clavulanic acid 
n=157) were similar for both of the treatment groups, the most 
common being violation of inclusion/ exclusion criteria, clinical 
responses of indeterminate and patients lost to follow-up. 
Criteria violations leading to exclusion are listed in the online 
supplementary material. Patient characteristics at baseline are 
shown in table 1 and were similar between treatment groups: 
the majority of patients were Caucasian males of > 65 yrs of age 
with moderate-to-severe airway obstruction. A majority of 
patients in each group had comorbid conditions (moxifloxacin 
78%, amoxicillin/clavulanic acid 81%) and were receiving 
maintenance therapy for their COPD (table 1). Further details 
of the most frequent comorbid conditions are listed in the online 
supplementary material. No marked differences in patient 
characteristics were seen between the ITT and PP populations. 
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1 Baseline demographics and patient 

1 characteristics in the per protocol population 


Characteristics 


Moxifloxacin 


Amoxicillin/ 
clavulanic acid 


Subjects n 


538 


518 


Geographic region 






Asia/Pacific 


162 (30) 


160 (31) 


Europe 


188 (35) 


187 (36) 


South Africa 


24 (5) 


11 (2) 


Latin America 


155 (29) 


155 (30) 


Canada 


9 (2) 


5 (1) 


Male 


425 (79) 


408 (79) 


Race 






Caucasian 


326 (61) 


310 (60) 


Asian 


166 (31) 


163 (31) 


Other 


46 (9) 


45 (9) 


Age yrs 


69.6 ±6.8 


69.3 ±6.3 


Range 


59-93 


60-88 


> 65 


389 (72) 


378 (73) 


BMI kg m" 2 


25.0±5.4 


24.7±4.9 


Current smokers 


113 (24) 


121 (23) 


Coexisting illnesses 


417 (78) 


419 (81) 


Coronary artery disease 


63 (12) 


43 (8) 


Congestive heart failure 


25 (5) 


25 (5) 


Peripheral artery disease 


11 (2) 


4 (1) 


Renal dysfunction 


15 (3) 


15 (3) 


Liver dysfunction 


8 (1) 


11 (2) 


Diabetes mellitus 


50 (9) 


53 (10) 


Any respiratory co-medication 


495 (92) 


475 (92) 


Short-or long-acting p 2 -agonists 


292 (54) 


276 (53) 


Inhaled steroids* 


283 (53) 


275 (53) 


Ipratropium or tiotropium 


241 (45) 


226 (44) 


Xanthine derivatives 


176 (33) 


163 (32) 


Previous antimicrobial use 1 


190 (35) 


174 (34) 


Systemic steroid use 


182 (34) 


189 (36) 


Cumulative dose mg 


183 (50-350) 


180 (50-350) 


Duration of steroid therapy days 


5 


5 


Lung function at enrolment 






All patients 






FEV1 % pred 


39. 280 ±11. 621 


39. 186 ±11. 360 


FEV1 L 


0.982 ±0.369 


0.970±0.352 


FEV1 <30% pred 


139 (26) 


129 (25) 


Systemic steroid-treated 






FEV1 % pred 


36.479 ±11. 704 


36. 769 ±11. 007 


FEV1 L 


0.928 ±0.339 


0.920 ±0.345 


FEV1 <30% 


54 (30) 


57 (30) 



A total of 371 (35.1%) PP patients received concomitant steroid 
therapy (moxifloxacin n=182, amoxicillin/ clavulanic acid n=189) 
with steroid use varying by region (Asia /Pacific, 92 (28.6%) 
out of 322; Europe, 130 (34.7%) out of 375; South Africa 17 
(48.6%) out of 35; Latin America, 131 (42.3%) out of 310; Cana- 
da, one (7.1%) out of 14). Compared with the nonsteroid group, 
these steroid-treated patients had a mean lower FEVi % pred 
at enrolment (mean + SD overall: 36.8 + 11.4 versus 39.2 + 11.4, 
steroid- versus nonsteroid- treated patients, respectively; p< 
0.0001) and a higher proportion of patients had a FEVi <30% 
pred (overall 29.9 versus 22.9% pred, p=0.017). We conducted 



1 Continued 


Characteristics 


Moxifloxacin 


Amoxicillin/ 






clavulanic acid 


Exacerbations in previous year 


2.5±1.1 


2.5±0.9 


>3 


165 (31) 


152 (29) 


Time since last exacerbation days 


109.6±65.8 


105.0±62.0 


Colour of sputum* 






Yellow 


327 (61) 


331 (64) 


Green 


194 (36) 


174 (34) 


Rust 


17(3) 


13(3) 


AECB-SS 


2.2 (0.6) 


2.2 (0.7) 


SGRQ 


64.9 (18.1) 


63.5 (18.9) 


Data are presented as n (%), mean±SD, mean (range) 


or median, unless 


otherwise stated. BMI: body mass index; FEVi : forced expiratory volume in 1 s; 


% pred: % predicted; AECB-SS: Acute 


Exacerbation of 


Chronic Bronchitis 


Symptom Score; SGRQ: St George's Respiratory Questionnaire. # : includes 


combination therapy (steroid plus bronchodilators); 1l : any antimicrobial given 


for any indication between 30 and 90 days prior to enrolment; + : identified by 


colour chart. 







retrospective analyses (shown in the online supplementary 
material) that indicated steroid-treated patients had a longer 
past history of respiratory disease, more cough and wheeze 
at baseline, were more breathless with tachypnoea and 
tachycardia, and had worse scores on Acute Exacerbation of 
Chronic Bronchitis Symptom Score (AECB-SS) health status 
questionnaires . 

Primary efficacy analysis 

Moxifloxacin was noninferior to amoxicillin /clavulanic acid 
with respect to clinical failure rates at 8 weeks post-therapy in 
the PP population (20.6 versus 22.0%, respectively; 95% CI 
-5.89-3.83%; table 2). The analysis of the ITT population also 
demonstrated non-inferiority (95% CI -5.50-3.03) but did not 
demonstrate superiority (table 2). 

Secondary efficacy analysis 

Clinical failure rates in patients with bacteria isolated at 
baseline were significantly lower in moxifloxacin versus 
amoxicillin/clavulanic acid-treated patients, showing a treat- 
ment difference of ~6% in favour of moxifloxacin in both the 
PP with pathogens (50 (19.2%) out of 260 versus 68 (26.1%) out 
of 261, moxifloxacin versus amoxicillin/ clavulanic acid, respec- 
tively; 90% CI -15.0- -0.75; p= 0.030) and ITT with pathogens 
populations (62 out of 327 (19.0%) versus 85 (25.4%) out of 335; 
95% CI -13.9- -1.44; p=0.016) (table 2). In patients without 
bacteria isolated at baseline, clinical failure rates were similar 
between treatment groups (moxifloxacin, 76 (21.7%) out of 350, 
amoxicillin/clavulanic acid 61 (17.9%) out of 340; p=0.120). 

In the ITT population, time to clinical failure was similar in 
both treatment arms (fig. 2a). In the ITT with pathogens 
population, time to clinical failure was significantly longer 
for moxifloxacin versus amoxicillin/clavulanic acid (fig. 2b, 
p=0.015). Failure rates were similar at EOT (moxifloxacin 27 
(8.3%) out of 327 versus amoxicillin/clavulanic acid 33 (9.9%) 
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Clinical failure rates at 8 weeks post-therapy 
Population Moxifloxacin 



Amoxicillin/clavulanic acid 



95% CI* 



p-value 



Per protocol 
Intent-to-treat 

Per protocol with pathogens 
Intent-to-treat with pathogens 



111/538 (20.6) 
138/677 (20.4) 
50/260 (19.2) 
62/327 (19.0) 



114/518 (22.0) 
146/675 (21.6) 
68/261 (26.1) 
85/335 (25.4) 



-5.89-3.83 
-5.50-3.03 
-15.0- -0.75 
-13.9- -1.44 



NA 11 
0.571 
0.030 
0.016 



Data are presented as number with clinical failure/total number in population (%), unless otherwise stated. Failures and relapses are included in the failure rate calculation; 
missing/indeterminates were counted as nonclinical failures in the intent-to-treat populations. NA: not applicable. *: stratified by steroid use and geographical region. 
\ non-inferiority margin 6%, primary analysis designed for non-inferiority only, no superiority tests carried out. 



out of 335), with an increasing divergence in favour of 
moxifloxacin at 4 weeks post-therapy (44 (13.5%) out of 327 
versus 64 (19.1%) out of 335, respectively) and 8 weeks post- 
therapy (62 (19.0%) out of 327, versus 85 (25.4%) out of 335, 
respectively). 

Efficacy by subgroups 

Systemic steroid use 

In all analysis populations, clinical failure rates at 8 weeks 
post-therapy were higher in steroid- versus nonsteroid-treated 
patients in both treatment arms (fig. 3). In steroid-treated 
patients, a nonsignificant trend for lower failure rates in favour 
of moxifloxacin was observed. This effect was most notable in 
the patients testing positive for bacteriological cultures (fig. 3b). 

Other subgroups 

No significant differences were seen in moxifloxacin and 
amoxicillin/clavulanic acid clinical failure rates between vari- 
ous subgroups (e.g. patients >65 yrs of age and number of 
previous exacerbations), as shown in the online supplementary 
material. 



Baseline bacteriology and susceptibility 

A total of 662 (49.0%) ITT patients had causative organisms 
isolated from sputum at baseline. The most common pathogens 
in both arms were Haemophilus influenzae (21.1%) followed by P. 
aeruginosa (16.8%) and Klebsiella pneumoniae (12.7%). S. pneumo- 
niae and M. catarrhalis were also present in ^ 10% of patients in 
each arm (table 3). The majority of isolated pathogens, except 
for P. aeruginosa, were susceptible to both drugs at baseline (see 
online supplementary material). In a retrospective comparison 
of patient characteristics for those with or without pathogens 
at baseline (table 4), there were significantly more patients in 
the microbiologically positive group who were either aged 
>65 years, had an FEVl ^30% pred or who had not used 
antibiotics in the prior 3 months. 

Bacteriological efficacy 

For the overall analysis of bacterial efficacy, eradication rates 
(presumed and confirmed eradications) in the PP and ITT 
with pathogens populations were higher for moxifloxacin 
versus amoxicillin/clavulanic acid (PP 70.4 versus 64.4%, 
respectively, p=0.078; ITT 66.0 versus 58.8%, respectively, 




FIGURE 2. Kaplan-Meier curves of time to clinical failure/relapse. 
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b) 



o 



95% CI 
-15.70-2.77 
p=0.168 



a) 


35 




30 


-H2 




c 




.9> 


25 


ra 




Q. 






20 












15 






ra 




o 


10 


|c 


O 






5 




0 



35 
30 
25 
20 
15 
10 
5 
0 



95% CI 
-12.60-3.7 
p=0.281 



| Moxifloxacin 

□ Amoxicillin/clavulanic 
acid 



95% CI 
-3.65-7.49 
p=0.502 



95% CI 
-4.36-5.40 
p=0.835 



PP 



ITT 



PP 



ITT 



With steroid use 



Without steroid use 



95% CI 
-25.8-0.21 
p=0.055 



95% CI 
-20.80-2.1 
p=0.110 



95% CI 

-13.6-3.22 

p=0.266 
i 1 

21.4 



95% CI 
-13.9-0.54 
p=0.072 



PP with 
pathogens 



ITT with 
pathogens 



PP with 
pathogens 



ITT with 
pathogens 



With steroid use 



Without steroid use 



FIGURE 3. Clinical failure rates at 8 weeks post-therapy. PP: per protocol; 
ITT: intent-to-treat. 



p=0.026,) at EOT (table 3). Eradication rates were higher in 
the moxifloxacin arm during therapy, although converged 
with those of amoxicillin/clavulanic acid towards 8 weeks. 
In the ITT with pathogens population, eradication rates 
during therapy for moxifloxacin and amoxicillin/clavulanic 
acid, were 231 (70.6%) out of 327 and 196 (58.5%) out of 335, 
respectively (p=0.0004). At 4 weeks post-therapy, the eradi- 
cation rates were 196 (59.9%) out of 327 and 193 (57.6%) out 
of 335 (p=0.35) for moxifloxacin and amoxicillin/clavulanic 
acid, respectively, while at 8 weeks post-therapy they were 
194 (59.3%) out of 327 and 183 (54.6%) out of 335 (p=0.088), 
respectively. Similar results were seen in the PP with patho- 
gens population (data not shown). Individual pathogen 
eradication rates at EOT are shown in table 3. Development of 
resistance or increase in minimum inhibitory concentration 



(MIC) was rare and from a population viewpoint seemed to have 
no impact on the persistence of the isolate (data not shown). 

Overall, eradication rates at EOT were similar between steroid 
and nonsteroid users (150 (61.2%) out of 245 versus 263 (63.1%) 
out of 417, p= 0.655) in the ITT with pathogens population. 
There was no difference between the two antibiotics at EOT 
in bacteriological eradication rates in steroid-treated patients 
(moxifloxacin 77 (61.1%) out of 126, amoxicillin/clavulanic 
acid 73 (61.3%) out of 119); however, in nonsteroid-treated 
patients eradication rates were higher for moxifloxacin than 
amoxicillin/ clavulanic acid (139 (69.2%) out of 201 versus 124 
(57.4%) out of 216, respectively; p=0.001). 

Association of bacterial eradication rates at EOT to clinical 
efficacy at primary end-point, 8 weeks post-therapy 

In the overall ITT with pathogens population, clinical cure 
rates at 8 weeks were higher in patients with confirmed or 
presumed eradication (329 (79.7%) out of 413) versus those with 
persistence, presumed persistence or superinfection at EOT 
(123 (54.7%) out of 225, p<0.0001). Similar results were seen 
within each treatment group (moxifloxacin 182 (84.3%) out 
of 216 versus 55 (53.4%) out of 103, p<0.0001; amoxicillin/ 
clavulanic acid, 147 (74.6%) out of 197 versus 68 (55.7%) out of 
122, p=0.0007). When considering patients with confirmed 
bacterial eradication at EOT, clinical cure rates were signifi- 
cantly higher at 8 weeks post-therapy than those with con- 
firmed bacterial persistence or superinfection (149 (76.8%) out 
of 194 versus 123 (62.1%) out of 198, p=0.0014). In the moxi- 
floxacin arm, 86 (80.4%) out of 107 patients with confirmed 
eradication at EOT had a clinical cure at 8 weeks, compared 
with 55 (61.1%) out of 90 who had persistence/superinfection 
(p=0.003). In the amoxicillin/clavulanic acid arm, 63 (72.4%) 
out of 87 patients with confirmed eradication had a clinical cure 
at 8 weeks, versus 68 (63.0%) out of 108 who had persistence/ 
superinfection (p=0.150). 

Spirometry and patient-reported outcomes 

In both treatment arms of the ITT population, absolute FEVi 
improved significantly from enrolment (moxifloxacin 0.982 L, 
amoxicillin/ clavulanic acid 0.969 L) to 8 weeks post-therapy 
(moxifloxacin 1.216 L, amoxicillin/clavulanic acid 1.150 L; p< 
0.0001 for both arms of the study). There was a trend for greater 
improvements at all time-points in the moxifloxacin versus the 
amoxicillin /clavulanic acid arm for both changes in absolute 
(0.207 versus 0.177 L, respectively) and FEVl% pred (8.13 versus 
7.07, respectively; see online supplementary material). 

A gradual, but marked, improvement was observed in the 
St George's Respiratory Questionnaire (SGRQ) scores in both 
treatment arms from baseline to 8 weeks post-therapy. No 
significant differences were seen between the treatment arms 
at the primary end-point (moxifloxacin -20.5, amoxicillin/ 
clavulanic acid -20.4). Mean changes in AECB-SS scores at 
8 weeks post-therapy (moxifloxacin -1.36, amoxicillin/clavu- 
lanic acid -1.42) did not differ between treatments (see online 
supplementary material). 

Safety 

Both treatments were equally well tolerated, with no unex- 
pected adverse events observed in either arm. A total of 220 
moxifloxacin-treated patients and 218 amoxicillin/clavulanic 



22 



VOLUME 40 NUMBER 1 



EUROPEAN RESPIRATORY JOURNAL 



R. WILSON ET AL. 



COPD 



Most commonly isolated pathogens at baseline and bacteriological eradication rates at end of therapy 

Bacteriological eradication 95% Cl # 



Moxifloxacin 



Amoxicillin/clavulanic acid 



Population 

Per protocol with pathogens 
Intent-to-treat with pathogens 
Pathogen 11 

Haemophilus influenzae 
Pseudomonas aeruginosa 
Streptococcus pneumoniae 
Klebsiella pneumoniae 
Moraxella catarrhalis 
Staphylococcus aureus 
Escherichia coli 
Serratia marcescens 
Enterobacter cloacae 
Enterobacter aerogenes 
Klebsiella oxytoca 
Proteus mirabilis 



183/260 (70.4) 
216/327 (66.0) 

58/65 (89.2) 
31/57 (54.5) 
44/49 (89.8) 
21/36 (58.3) 
30/36 (83.3) 
20/23 (87.0) 
14/21 (66.7) 
10/14 (71.4) 

9/11 (81.8) 
5/8 (62.5) 

9/11 (81.8) 
1/4 (25.0) 



168/261 (64.4) 
197/335 (58.8) 

50/75 (66.7) 
32/54 (59.3) 
33/38 (86.8) 
19/48 (39.6) 
37/43 (86.0) 
16/20 (75.0) 
11/16 (68.8) 
9/14 (62.3) 
7/8 (87.5) 
6/8 (75.0) 
2/4 (50.0) 
6/9 (66.7) 



-0.7-1 5. 2 + 
1.1-1 5.7 s 

8.1-37.1 
-25.1-15.3 
-13.1-19.0 

-4.9-42.4 
-21.2-15.8 
-20.0-33.9 
-38.0-33.8 

34.5-48.8 
-48.8-37.4 
-70.0-45.0 
-39.3-100 

-100-28.8 



Data are presented as bacteriological eradication+presumed eradication/total number of patients or organisms (%), unless otherwise stated. 95% confidence intervals 
for differences in organism eradication rates were generated using a normal approximation to the binomial distribution, with a continuity correction; intent-to-treat with 
pathogen population; + : p=0.078; §:p=0.026. 



acid-treated patients experienced an adverse event (table 5) 
with 1.8 and 1.3% of patients, respectively, prematurely dis- 
continuing treatment due to an adverse event. 

The most commonly occurring drug-related adverse events are 
shown in table 5; gastrointestinal-related events were most 
frequently reported, although occurred in <2% of patients in 
either arm. In the amoxicillin/clavulanic acid arm there was 
one report of a Clostridium difficile-related disease and one of 
C. Ajfjia'/e/pseudomembranous colitis. Serious drug-related 
adverse events were rare: in the moxifloxacin arm, four 
patients experienced one event each (anaphylactic reaction, 
bronchitis, gastroenteritis and tachyarrhythmia) while in the 
amoxicillin/clavulanic acid arm, two patients each experi- 
enced one event (allergic dermatitis and radial nerve palsy). 
The tachyarrhythmia occurred in an elderly (74 yrs of age) 
female and resolved with adjunctive therapy; the study drug 
treatment was not discontinued. There were three adverse 
event-related deaths in each arm but none were considered to 
be treatment related. All-cause hospitalisation rates were 
similar across both arms of the study for the ITT population 
(41 (6.1%) out of 677 and 47 (7.0%) out of 675 for moxifloxacin 
and amoxicillin/clavulanic acid, respectively; p=0.48). 

DISCUSSION 

The MAESTRAL study met its primary end-point and demon- 
strated the noninferiority of moxifloxacin to amoxicillin/ 
clavulanic acid in the treatment of exacerbations of moderate- 
to-severe COPD. Moxifloxacin was superior to amoxicillin/ 
clavulanic acid with respect to reducing clinical failure rates at 
the 8-week time-point in patients with a bacteriologically 
confirmed exacerbation. At the EOT visit the overall bacterial 
eradication rate was significantly higher for moxifloxacin than 



for amoxicillin/clavulanic acid. Higher bacteriological efficacy 
for moxifloxacin versus amoxicillin/clavulanic acid was due 
to H. influenzae, the most common pathogen. There was a 
significant relationship between the bacterial eradication at EOT 
and the rate of clinical cure at 8 weeks in the overall population 
and in patients treated with moxifloxacin, but not in those 
treated with amoxicillin/clavulanic acid. Overall, both treat- 
ments were well tolerated and in this elderly population of 
outpatients, with multiple comorbidities and co-medications, no 
tendonitis or drug-related hepatic adverse events were reported. 

MAESTRAL enrolled a cohort of outpatients with Anthonisen 
type 1 exacerbations of moderate-to-severe COPD and treated 
them with one of two recommended antibiotics in this patient 
group; these were moxifloxacin and amoxicillin/clavulanic 
acid [14, 15]. A large proportion of the patients had risk factors 
for poor outcomes [24]. A Data Review Committee reviewed 
all results designated as clinical failures and indeterminate 
outcomes. Such an approach improves the accuracy and 
consistency of results [25]. Clinical failure rates at 8 weeks for 
both therapies were ~20% in the main analysis populations, 
similar to that observed in previous studies, which were 
stratified by disease severity [26] or used longer-term end- 
points [27]. As shown by the survival curves, treatment failure 
rates were low in both treatment arms at EOT; there was a 
short period of accelerated relapse soon after stopping anti- 
biotic treatment, then a steady relapse rate between 2 and 
4 weeks, with a slower decline up to 8 weeks. This indicates 
that a time period of >4 weeks may be more reliable than 
traditional end-points to assess the differences in efficacy of 
antibiotic treatment in AECOPD. There were no differences 
between moxifloxacin and amoxicillin/clavulanic acid in the 
relapse rate during the 8-week follow-up period in the overall 
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1 Characteristics at enrolment of patients for which 
1 comparisons led to p-values <0.10 with and 
1 without pathogens 


Characteristics 


ITT with 
pathogens 


ITT without 
pathogens 


p-value* 


Subjects n 


662 


690 




Age group yrs 






0.0003 


5=75 


167 (25.2) 


147 (22.9) 




<75 


495 (74.8) 


495 (77.1) 




Alcohol use 






0.046 


Abstinent 


415 (62.7) 


453 (65.8) 




Light consumption 


222 (33.5) 


196 (28.4) 




Moderate consumption 


25 (3.8) 


40 (5.8) 




Sex 






0.064 


Male 


542 (81 .9) 


537 (77.9) 




Female 


120 (18.1) 


152 (22.0) 




FEVi at enrolment % pred 






0.021 


<30 


149 (22.6) 


190 (27.6) 




> 30 


510 (77.4) 


498 (72.4) 




Diabetes 






0.095 


Yes 


80 (12.1) 


64 (9.3) 




No 


582 (87.9) 


626 (90.7) 




Cardiopulmonary disease 






0.011 


Yes 


92 (13.9) 


65 (9.4) 




No 


570 (86.1) 


625 (90.6) 




Respiratory disease 






0.070 


Yes 


134 (20.2) 


168 (24.3) 




No 


528 (79.8) 


522 (75.7) 




History of respiratory 






0.035 


failure 








Yes 


59 (8.9) 


86 (12.5) 




No 


603 (91.1) 


603 (87.5) 




Short-acting 






0.015 


anticholinergics 








Yes 


95 (14.3) 


69 (10.0) 




No 


567 (85.7) 


621 (90.0) 




Short-acting bronchodilator 






0.080 


Yes 


153 (23.1) 


188 (27.2) 




No 


509 (76.9) 


502 (72.8) 





population. However, there were significantly fewer treat- 
ment failures in patients with a confirmed bacterial AECOPD 
when treated with moxifloxacin. 

The MAESTRAL population was screened to include only 
patients most likely to have a bacterial AECOPD, and bacterial 
isolation rates (48%) were comparable to a number of studies 
looking at similar populations [28, 29]. The pathogen profile in 
the MAESTRAL study was as expected for this population of 
elderly patients with underlying moderate-to-very-severe air- 
way obstruction [30, 31]. In terms of bacteriological eradication 
rates at EOT, moxifloxacin was more effective overall (p<0.03) 
and against H. influenzae, as would be expected from previous 
studies [32]. The effectiveness of moxifloxacin in confirmed 
bacterial AECOPD was not explained by a higher activity 
against P. aeruginosa, since eradication of this pathogen was 
similar in the two arms of the study (table 3). The higher 
bacteriological eradication rates in the moxifloxacin arm may 
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1 Continued 


Characteristics 


ITT with 
pathogens 


ITT without 
pathogens 


p-value 


Previous antibiotic use 1 






0.021 


Yes 


206 (31.1) 


256 (37.1) 




No 


456 (68.9) 


434 (62.9) 




Exacerbation in last 3 months 






0.069 


Yes 


335 (50.6) 


315 (45.6) 




No 


327 (49.4) 


375 (54.3) 




Chest discomfort at baseline 






0.020 


Absent 


551 (83.6) 


604 (88.0) 




Present 


108 (16.4) 


82 (12.0) 




Wheeze at baseline 






0.047 


Absent 


409 (62.2) 


462 (67.3) 




Present 


249 (37.8) 


224 (32.7) 




Sputum viscosity at baseline 






0.015 


Liquid 


24 (3.6) 


22 (3.2) 




Thick 


409 (61.9) 


401 (58.1) 




Very thick 


84 (12.7) 


67 (9.7) 




Quite thick 


144 (21.8) 


200 (29.0) 




Wheeze at exacerbation 






0.033 


Absent 


109 (42.9) 


145 (21.0) 




Present 


552 (50.4) 


544 (79.0) 




AECB-SS phlegm colour 






0.021 


Clear/white/grey 


70 (1 1 .9) 


76 (12.2) 




Yellow 


318 (54.2) 


382 (61.1) 




Green/brown 


199 (33.9) 


167 (26.7) 




AECB-SS at exacerbation: 






0.089 


disturbances in daily 








activities 








Not at all/slightly 


211 (35.9) 


191 (30.5) 




Moderately 


173 (29.4) 


214 (34.1) 




A lot/extremely 


204 (34.7) 


222 (35.4) 




Data are presented as n (%) unless otherwise stated. ITT: intent-to-treat; FEV1: 


forced expiratory volume in 1 


s; % pred: % 


predicted; AECB-SS: Acute 


Exacerbation of Chronic Bronchitis Symptom Score. *: p-values from the Wald 


Chi-squared statistic; 1 : any antimicrobial given for any indication between 30 and 


90 days prior to enrolment. 









have been responsible for driving the superiority of moxiflox- 
acin at 8 weeks post-therapy in bacteriologically positive 
patients. A key observation in the MAESTRAL study was that 
overall, and in the moxifloxacin arm, patients who achieved 
eradication of the primary pathogen at EOT had significantly 
higher cure rates at 8 weeks post-therapy versus patients with 
persistence or superinfection (overall p= 0.001, moxifloxacin 
p=0.003). Although similar results have previously been 
observed at the EOT in short-term studies [33], the importance 
of bacterial eradication in continued clinical cure has not been 
previously reported. These results underscore the importance 
of bacterial eradication in preventing relapse [10, 34], and 
support the hypothesis of continued inflammation caused by 
persistent infection as an underlying mechanism for relapse 
and recurrent exacerbations [35]. 

Although the importance of stratifying patients by oral steroid 
use to avoid bias in results has been emphasised previously, 
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Overview of adverse events for intent-to-treat patients/safety population 




Adverse event Moxifloxacin* Amoxicillin/clavulanic acid 1 



Any adverse event 


220 (32.5) 


218 (32.3) 


Drug-related 


53 (7.8) 


41 (6.1) 


Diarrhoea 


6 (0.9) 


12 (1.8) 


Nausea 


10 (1.5) 


4 (0.6) 


Headache 


5 (0.7) 


3 (0.4) 


Serious 


46 (6.8) 


51 (7.6) 


Drug-related serious adverse events 


4 (0.6) 


2 (0.3) 


Premature discontinuation due to drug-related 


12 (1.8) 


9(1.3) 


Adverse-event related death 


3 (0.4) 


3 (0.4) 



Data are presented as number with adverse event (%). No significant differences were observed between treatments for any type of safety event (p>0.10 for all 
categories). *: n=677; "': n=675. 



its application remains relatively rare in antibiotic trials of 
AECOPD [19]. In the current study, 35% of patients received 
systemic steroid therapy, a higher number compared with that 
observed in previous studies (16-21%) [36, 37]. Steroid use was 
more common in South America and Europe versus Asia/ 
Pacific, probably reflecting different therapeutic practices. The 
MAESTRAL analysis stratified patients by systemic steroid 
use, allowing identification of differences in outcomes for 
steroid versus nonsteroid-treated patients. In both treatment 
groups, clinical failure rates were higher in steroid- versus 
nonsteroid-treated patients, as previously observed [38]. The 
severity of the underlying COPD based on FEVl measurement 
at enrolment was greater in the patients who received systemic 
steroids versus those who did not, and a greater proportion of 
steroid- versus nonsteroid-treated patients qualified as having 
very severe COPD. A retrospective analysis of data showed 
that systemic steroid-treated patients had a longer respiratory 
history and more breathlessness with tachycardia. Therefore, 
patients treated with oral steroids had more severe disease, 
and as a group did less well despite steroid and antibiotic 
treatment. In patients receiving systemic steroids, there was a 
trend towards a lower failure rate for moxifloxacin versus 
amoxicillin/clavulanic acid. 

During the design of the MAESTRAL study, ethics committees 
expressed a strongly held view that the option to use steroids 
must be made available to physicians. While the role of steroids 
in addition to antibiotics for patients who have been hospital- 
ised due to exacerbations, or who have required emergency 
room evaluation, is supported by clinical evidence, their use in 
outpatient settings has not been as systematically investigated 
[36, 39, 40]. The retrospective analysis described above showed 
that oral steroids were appropriately prescribed in more serious 
exacerbations. 

A number of patient characteristics were associated with 
pathogen presence at baseline: age ^65 yrs, no recent anti- 
biotic use and FEVl > 30% pred. However, the differences were 
small and unlikely to be clinically useful in identifying patients 
with pathogens. Although the macroscopic appearance of the 
sputum at baseline was checked against a colour chart for all 
patients by the investigators, a significant number of sputum 
samples did not grow any bacteria. Sputum colour, assessed 



by a colour chart, is a strong predictor of bacterial aetiology 
of exacerbations; however, its excellent diagnostic yield 
observed in unicentre studies drops dramatically in multi- 
centre trials, probably due to the subjective assessment 
despite the colour chart [41-43]. Since approximately half of 
patients in the present study produced sputum that did not 
contain bacteria after culturing, it seems likely that a signi- 
ficant proportion of patients had another cause for their 
exacerbation. While molecular diagnosis of infection [44] or 
the use of biomarkers could be used at the point of care to 
help identify these patients, identification from clinical char- 
acteristics alone remains challenging. 

Choosing the most appropriate antibiotic for an AECOPD 
patient is dependent on a number of factors including severity 
of COPD, underlying risk factors for poor outcome (e.g. older 
age, low FEVl, a high number of previous exacerbations 
and comorbid conditions [24]) and previous antibiotic use 
[13, 14, 45]. Current guidelines differ in their recommendations 
for antibiotic choice for outpatient AECOPD. While the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) [14] 
and Canadian Thoracic Society [15] guidelines use the risk 
factors described previously to identify complicated patients, 
and recommend treatment with amoxicillin/clavulanate or 
fluoroquinolones such as moxifloxacin in these patients, others 
[13, 45, 46] recommend initial treatment with amoxicillin, 
tetracycline or doxycycline in all outpatients. Several studies 
have compared the efficacy of the various antibiotics recom- 
mended in clinical guidelines. In the MOSAIC study, which 
compared moxifloxacin with a basket of comparators (amox- 
icillin, clarithromycin or cefuroxime), moxifloxacin resulted in 
superior clinical cure rates overall, as well as higher bacter- 
iological success rates in patients with a confirmed bacterial 
pathogen [20]. Furthermore, moxifloxacin-treated patients were 
significantly less likely than those treated with a comparator to 
experience treatment failure, a new exacerbation or require any 
further antibiotic treatment within 5 months of the end of 
treatment. A number of other clinical trials and meta-analyses 
have also shown improved outcomes for alternative versus first- 
line treatments [12, 37, 47, 48]. Among these, two studies 
identified quinolones as effective therapy options in terms of 
increasing treatment success versus first-line therapies [12] and 
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reducing relapse rates [48]. The relatively low failure rates 
(-20%) in the MAESTRAL study suggest that treatment with 
broader spectrum drugs, such as moxifloxacin or amoxicillin/ 
clavulanic acid, is appropriate in this group of patients with 
moderate-to-severe AECOPD managed outside the hospital. 

As with all clinical studies, there are limitations to the 
MAESTRAL trial. The study design included stratification by 
systemic steroid use, but not other respiratory co-medications as 
this would have significantly increased the complexity of the 
study. However, as the number of patients receiving respiratory 
co-medications was well balanced between the moxifloxacin 
and amoxicillin/ clavulanic acid groups, it is unlikely that respi- 
ratory co-medications had a disproportionate effect on efficacy 
outcomes in either treatment arm. The changes recorded by both 
patient-reported outcome instruments during the study were 
substantial but did not differentiate between the two antibiotics. 
While the SGRQ is a widely used tool for measuring health 
status in patients with COPD, it is designed to measure health 
status during the stable phase of the disease, rather than during 
an exacerbation [49]. Therefore, its results must be interpreted 
with caution [50]. Similarly the AECB-SS questionnaire, which 
measures symptoms in exacerbations, has not yet been 
validated. Investigators' decisions regarding failure were 
considered by the Data Review Committee and this assessment 
showed that clinical judgment was, at times, variable. We 
believe that this review process, which, in some cases, involved 
going back to the investigator with questions, did improve the 
validity of our results. A further possible limitation is the large 
number of countries involved in the study, which resulted in 
only a small number of cases in some countries. Nevertheless, 
further analysis of the data revealed similar failure rates for 
countries enrolling either small or large numbers of patients, 
which suggests no selection bias. The dose of amoxicillin/ 
clavulanic acid used in the current study (875/125 mg b.i.d.) is 
widely used in many clinical trials. While the 625 mg t.i.d. dose 
of amoxicillin has a better time above MIC pharmacokinetic/ 
pharmacodynamic profile [51], there is no established super- 
iority for this dose versus the 875 mg b.i.d. dose administered in 
the current study. Furthermore, tolerability is greater with b.i.d. 
than t.i.d. dosing [21, 52]. 

The MAESTRAL study met its primary end-point with 
moxifloxacin showing noninferiority to amoxicillin/ clavulanic 
acid. The good efficacy and tolerability of both drugs confirms 
their position as recommended treatments for exacerbations 
for outpatients with moderate-to-severe AECOPD with a 
suspected bacterial aetiology [14, 15, 35]. The strong correlation 
between bacterial eradication at EOT and continued clinical 
cure up to 8 weeks past the exacerbation emphasises the 
importance of antibiotic treatment in AECOPD. The higher 
bacterial eradication rates in the moxifloxacin arm may explain 
the superior outcomes in patients with a bacteriologically 
confirmed infection, suggesting this treatment could be a 
preferred option in patients where bacterial infection is most 
likely. These differences were most evident at 4 and 8 weeks 
post-therapy, indicating that prolonged end-points may be 
more useful for discerning clinically relevant differences 
between antibiotics, a factor that should be taken into account 
in the design of future trials. The differences between patients 
who use and do not use steroids indicate that stratification is 
an important aspect of trial design and deserves further study. 



It is hoped that the outcomes of MAESTRAL will lead to 
further work to define clinical criteria and /or biomarkers to 
help clinicians identify both the most appropriate patients for 
antibiotic therapy and the most appropriate antibiotic therapy 
for individual AECOPD patients. 
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